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Purpose

Things we know: ¢cKAYy3a 6S R2Yy QU
Al, sig(1), corrected for A|F| 2
geometric effects ABeam intensity
ALots of observations Allluminated volume
ASymmetry AAbsorption path through

crystal
AExtent of sample decay



Programs

Pointless

A Determines likely point
group

A Corrects space group
sufficient information

A Sorts reflections

A Detects screw axes & glide

planes

A Reindexes multiple
datasets to a common
setting

Aimless CTruncate
A Merges partial reflections A Analyses scaled data
together according to an expected

APuts data onto a common Physical model

scale A Gives statistics on intensity

A Merges each set of d'St”b_Ut'on' €g.
Symmetry equiva|ent AWlISOﬂ statistics
reflections into a single A twinning analysis

observation A Outputs |F| values



Scaling

Al 2NNBOGA2Yya F2N a2YS 2F (GKS (KA
experimentally
AlIn most cases however empirical corrections are determined

AHave a model for: overall scale (beam intensity + illuminated volume)
sample decay and absorption

ARefine model against data, toinimisedifferences between
symmetry related intensities



Objective of scaling

ATo model all of the unknown contributions to the measured intensity

ATo recover 1=k|H for each observation

AAchieved by minimizing the differences between observatipns
iInternally consistent not necessarily correct!

AFinal result of scaling is average I1=R|féir each unique Miller index



Why are reflections on different scales?

Alncidentbeamintensity (assumedb be constant during a single
Image)

Allluminatedd 2 f dzySY OKIlI y3Sa gAGK . AT
AAbsorptionin primary beam bygrystal

AVariationsin rotation speed

AShutter synchronisation or detector dedithe

AAbsorption in secondargeam

ARadiation damage



Data reduction using CCP4 |2



CCP4-7.0.002 Project Viewer: AimlessDemo

File Edit History Utilities Projects Help
eSS s |
= -4 ' W @ %
Task menu  View in Coot  View in CCP4mg  Export MTZ  Help  Bibliography  Clone job Run
ob list | Project directo . -
J | DIec CNECTTY, l + Import merged data, sequences, alignments or coordinates
J  JobjFile Evaluation -
+#-. = Integrate X-ray images

- @ X-ray data reduction and analysis

}:Ij Data reduction - AIMLESS
P Scale and analyse unmerged data and suggest space gro

{Pointless, Aimless, Ctruncate, Free

Generate a Free R set
Generate a Free R set for a complete set of reflection indices to a given n

(FreeRflag)

Estimate cell content
Estimate number of molecules in the asymmetric unit and solvent content (Matthews coeff)

Calculate self rotation function
Evaluate data for anisotropy, optical resolution, pseudo translation and perform self-rotation fun

s

i+ Experimental phasing

-Eﬂ Bioinformatics and model preparation for Molecular Replacement

s

7 & Molecular Replacement

+

L+ Model building and Graphics
£
:f’ Refinement

+

+

cvc Ligands

+

£z Validation and analysis
+ Export and Deposition
_ﬁ Reflection data tools
ﬁf Coordinate data tools
$ Developer tools

¥

¥

¥

.

Click the
alimless data
reduction job
item.

/| £ AOY

220¢ U
the aimless
job window.

a
2



CCP4-7.0.002 Project Viewer: AimlessDemo

File Edit History Utilities Projects Help
AES »
e

Task menu  View in Coot  View in CCP4dmg  Export MTZ

Job list | Project directory

® B 4 %

Help  Bibliography Clone job  Run

Job 1: Data reduction - AIMLESS The job is Pending

J | Job/File
L) * 1 Data reduction

Evaluation

Input | Results ] Comments ]

Input Data | Important Optiens ] Additional Options ]

Job title | Data reduction

Use data from job as input below..
Select unmerged data files

1

[Unmerged reflections loaded from 6_integrated.mtz by job 1

Crystal name | FROMDIALS dataset name | FROMDIALS
Batches in file: 2-541

Exclude batches from calculations and output

Resolution range (&) to Maximum resolution in files

use explicit resolution range in symmetry determination as well as in scaling

28

1.17A

Options for symmetry determination | Determine Laue group and space group

Optional input data

1. Reference data to resolve indexing ambiguity and space group

use reference data in analysis against Batch after scaling

Y

Reference data are [Reﬂection list ¥ | and is optionally defined in next line

l Reflections

[..is not used

=]

2. Optional existing FreeR set, define to copy or extend if necessary

Free R set

[..is not used

: =)

Select an MTZ
file containing
Integrated
reflections
from
MOSFLM,
DIALS or XDS
etc



CCP4-7.0.002 Project Viewer: AimlessDemo
File Edit History Utilities Projects Help

o= > ® ) =

Task menu  View in Coot  View in CCP4mg  Export MTZ  Help  Bibliography Clone job  Run

Job list | Project directory Job 1: Data reduction - AIMLESS The job is Pending
) | JobyfFile Evaluation Input | Results | Comments |
© =+ 1 Data reduction Input Data | Important Options | Additional Options |

Job title | Data reduction

Use data from job as input below..
Select unmerged data files

[Unmerged reflections loaded from 6_integrated.mtz by job 1 S ]D @

If necessary,

Crystal name | FROMDIALS dataset name | FROMDIALS eXCI u d e
Batches in file: 2-541 batches Or Set

Exclude batches from calculations and output [ 400-541| l h .

a resolution
Resolution range (&) | 40.0 to | 2.0 W

range for

use explicit resolution range in symmetry determination as well as in scaling I .

Options for symmetry determination | Determine Laue group and space group S

Optional input data

1. Reference data to resolve indexing ambiguity and space group

use reference data in analysis against Batch after scaling

ry

Reference data are [Reﬂection list = | and is optionally defined in next line

l Reflections [..iS not used S ]D@
2. Optional existing FreeR set, define to copy or extend if necessary

FreeREet [..i5 not used = ]D@




CCP4-7.0.002 Project Viewer: AimlessDemo

File Edit History Utilities Projects Help

= " )

Task menu  View in Coot  View in CCP4dmg  Export MTZ  Help  Bibliography Clone job  Run

Joblist | Project directory

Job 3: Data reduction - AIMLESS

The job is Pending

) | JobyFile Evaluatio | Input | Results | Comments |
oo * 3 Data reduction Input Data | Important Optiens ] Additional Options ]
.. + 2 Data reduction
%4+ A 1Data reduction Sgp=P 4. || job title | Data reduction

Use data from job [ No
Select unmerged data files

[1 Unmerged reflections loaded from 6_integrated.mtz by job 1 = ]D

Crystal name | FROMDIALS

= l as input below..

dataset name | FROMDIALS
Batches in file: 2-541

Exclude batches from calculations and output | 400-541

Resolution range {.&J 40.0 to 2.0 Maximum resolution in files 1.17A

use explicit resolution range in symmetry determination as well as in scaling

Options for symmetry determination | Match index to reference data =

Optional input data

1. Reference data to resolve indexing ambiguity and space group

+ use reference data in analysis against Batch after scaling

Reference data are |Reflection list 3 | and MUST be defined in next line
I Reflections [Eﬂeﬂections loaded from reference.mtz by job 3 1S ID

2. Optional existing FreeR set, define to copy or extend if necessary

Free R set [..is not used v ID

To select a
reference MTZ
file, select
GwSTEt SO
fAa0éE |
specify the
reference
reflection file.



CCP4-7.0.002 Project Viewer: AimlessDemo

File Edit History Utilities Projects Help
8= 8 i . J
e - & S O )
Task menu  View in Coot  View in CCP4mg  Export MTZ  Help  Bibliography Clone job  Run
Job list | Project directory ] Job 1: Data reduction - AIMLESS The job is Finished
) | JobyFile Evaluatiol| | Input | Results | Comments
b ¢ ‘N 1Data reduction Sgp=P 4. Headline Summary SpaceGroupDetails MergingGraphs ingDetails Istats Biblio Run
¥ Overall summary
Space rouP determination
WARNING: the L-tEst Isuggesbs thal ;Ele data may be twél?lned, although this
should not be possible in space group il i isti
Rough estimated twin fraction: 0.147 Data internal consistency statistics
Selecting space group P41 2 2 Surmnmary of merging statistics for dataset
as solutions are enantiomerphic AimlessDemo/FROMDIALS/FROMDIALS
WARNING: You will have to resolve the enantiomorphic ambiguity later Overall Inner Oute
Solution type: space group Low resolution limit 3942 3942 205 I
Group name p4122 High resolution limit 2.00 8.94 2.00
Reindex [kl Rmerge{within I-+1-} 0.038 0.025 0.078
Space group confidence 0.872
R I+ and |- 0.043 0.027 0.088
Laue group confidence 0.996 merge(all 1+ and |-}
Laue group probability 0.999 Rmeas {within 14+/1-} 0.048 0.032 0.100
Systematic absence probability  (.514 Rmeas (all I+ & | 0.048 0032 010
Scores for each symmetry element Rpim (within 1+1-) 0029 0.019 0.063
Lattice group name P42 2 . .
Rpim (all I+ & I-) 0.022 0.017 0.048
Reindex operator from input to lattice: [h.k.I]
Rmerge in top intensity bin 0.022
Likelihood €C R Symmetry
0.924 0.4 0.067 identity Number of cbservations 42 809 5441
0921 0.90 0.085 2-fold 1{ 00 1) {-h.-k.I} Number unique 17375 215 1303
0.920 0.90 0.004 2-foldk (010) {-hk.-I} i
0923 081 0.086 2foldh(100) {h-k-I} Mean(l)/sd(l)} 228 3|1 124
0921 081 0.085 2-fold ( 1-10) {-k-h-1} A et aE osss 0972 009
0.924 091 0.083 2-fold ( 11 0) {k.h.-1}
0.923 091 0.092 4-fold 1 {00 1) {-k.h.I} Completeness % a97.4 829 100.0
Multiplicity 43 3.8 4.2
Anomalous completeness % 89.8 875 95.7
Ancmalous multiplicity 22 2.5 2.2
DelAnom CC(1/2) 0.004 0376 -0.005
Mid-Slope of Anom Probability = 007
Nirsunbnad :
[ Molecular Replacement and refinement - PHASER l Molecular Replacement and refinement- MOLREPI CRANK2 phasing and building
] D [ ShelxCD l

To execute the
job, click
awdzy € ¢
the job has
finished,
results will be
presented.



Exporting from 12

Rightclickthe finished job In the Jolst andchoose
Export-> MTZ file

m Project directos

)  JobiFile Evaluation
Sgp=P 21 21 27 res=1.78 Amea...

B . “. 25 Data reduction = _ .~
> - 2 24 import merged  Clone

- - A, 23 Data reduction Edit label Sgp=C 1 2 1 res=2.75 Rmeas=0...
- . A, 22 Keith agi“ : Sgp=I 2 3 res=1.29 Rmeas=0.087
> Tt N 21 Kelth BT Al ob files - compressed oo o087
> - A, 20 1222 Mext task.. -m_.ﬂﬂ Rmeas=0....

= 189 Mata racdiecsfinn ey 348



Using the command line

$ pointless < pointless.dat | tee pointless.log

--- contents of pointless.dat

HKLIN integrated.mtz

HKLOUTunscaled.mtz

HKLREFreference.mtz # optional

$ aimless < aimless.dat | tee aimless.log

---  contents of aimless.dat

HKLIN unscaled.mtz

HKLOUTscaled.mtz

RESOLUTION HIGH 2.0 # optional
EXCLUDE BATCH 450 TO 500 # optional



Data Quality

Data reduction with POINTLESS and AIMLESS



Judging data quality

AArethere badbatches?

AWas the radiation damage such that you should exclude the later
parts?

Als the outlier detection working well?

AWhatis the real resolution? Should you cut the higisolution data?
Alsthere any apparent anomalous signal?

AWhatis the overall quality of the dataset?

AAre the data twinned?



AIMLESS summary statistics

o Overall InnerShell
Low resolution limit 150.01 150.01 1.19
High resolution limit 1.17 6.41 1.17
Rmerge (within I+/I -) 0.063 0.024 0.000
Rmerge (all I+ and | -) 0.071 0.027 0.149
Rmeas (within I+/I -) 0.077 0.029 0.000
Rmeas (all I+ & | - 0.079 0.030 0.210
Rpim (within [+/I - 0.044 0.016 0.000
Rpim (all I+ & | -) 0.034 0.013 0.149
Rmerge in top intensity bin 0.030 -
Total number of observations 324157 3150 300
Total number unique 71073 662 286
Mean((l?/ sd(l)) _ 10.8 36.6 2.1
Mr(l) half - set correlation CC(1/2) 0.999 0.999 0.775
Completeness 82.0 99.9 6.9
Multiplicity 4.6 4.8 1.0
Anomalous completeness 71.3 100.0 0.4
Anomalous multi _I|C|tg 2.2 3.1 1.0
DelAnom correlation between half -sets  0.004 0.149 0.000

Mid- Slope of Anom Normal Probability 0.997

OuterShell



Rmerge finding bad batches

Rfactor v Batch

0.3+ -@-Rfactor - HmEE
Horribly wrong | Steady decline | .

at beginning M%ﬁl . | in quality W

100
bt N_batch
Rmerge v Batch for all runs Rmerge v Batch for all runs
-@-Rmerge
o2 __ Batch eS for 2 . -ll_ 'I .:!" l"'lri » In
One bad batch | .
ZI crystals

40
H_baich

Would like to have relatively stabl&mergeacross all batches



Scales and-mctors radiation damage

Mn(k) & Ok (at theta = 0) v range

Good: scales | Good: small B
uniform factors
M
Mn(k) & Ok (at theta = 0) v range
-@-Mnd®
@
Bad: scales o Bad: Bfactors _
increase sharply large and negative

ldeally have constanscaling factor of 1; except if crystals have an irregular shape.
Drop in B factor below10 indicates radiation damage



Outliers: why do we get them?

Aoutsidereliable area of detectoregbehindshadow)
A specifybackstop shadow, calibrate detector

Aice spots
A do not get ice on your crystal!

Amultiple lattices
Afind single crystal

Azingers
Abad prediction (spot not there)
A improveprediction

Aspotoverlap

A lower mosaicity collect finer sliced datanove detectorback,
deconvoluteoverlaps



Outliers: ROGUEPLOT

loe Fings

— icerings

A few outliers on ice rings Lots of reflections on ice rings



Outliers: number of rejections per image

N Run.Rot MidPhi Batch Bfactor @ Mnik) Ok  Number NumReject
1 1.1 -49.50 1 -0.694 1.0651 0.9940 1703 O
2 1.2 -48.50 2 -0.688 1.0622 0.9905 2193 O
3 1.3 -47.50 3 -0.677 1.0564 0.9851 2219 O
4 1.4 -46.50 4 -0.668 1.0453 0.9774 2202 O
515 -4550 5 -0.656 1.0339 0.9671 2198 O
6 1.6 -44.50 6 -0.641 1.0180 0.9542 2217 1
7 1.7 -43.50 7 -0.629 1.0017 0.9395 2208 O
8 1.8 -42.50 8 -0.614 0.9811 0.9185 2217 O

Want low number of rejected reflections per image; a maximum of around 5



Resolution
WhatR2 ¢S YSIyYy o6& (04KS 4GNXazf dzi A

Wewant to determine the point at which adding another shell of
RIFEGlF R2Sa y2u lifoRnatloy e aaAIYyATA



Resolution
G. Saié¢ NBaz2fdziAzy A& RAFTFSNBYUO F2NI RAFFSH

A Experimental phasing: substructuieation is generallunweighted so cut back . ,
conservatively to data with high signal/noissio. ForLJK I a Ay 3% dzaS |t t ¢

A Molecularreplacement:Phaseuses likelihood weighting, but there is probably no gain
In using the very weak high resolution data

A Model building and refinement; if everything is perfectly weighted (perfect error
models!), then extending the data should do no harm and may do good

Thereis no reason to suppose that cutting back the resolution to satisfy referees will
Improve your model



Resolution: I/sig(l)

I/sig(l) around 1.5

A reasonably good
criterion, but it

NE f A SSEwhEly
IS not entirely
reliable



